United States Patent |9

Takemoto et al.

US006116705A
(11] Patent Number:

6,116,705

45] Date of Patent: Sep. 12, 2000

[54] ANTI-SKID CONTROL SYSTEM

|75] Inventors: Shinya Takemoto, Chiryu; Yuzo

Imoto, Chita-gun, both of Japan

| 73] Assignee: DENSO Corporation, Kariya, Japan

21] Appl. No.: 09/107,512

5,340,204  8/1994 OQOkazaki et al. ......ccounveennn.e. 303/113.2
5,407,257  4/1995 Iwata .cccoovevvenivvneiiiriieennnene. 303/113.2
5,458,405 10/1995 Watanabe ......ccoeevvvnrvvvennnnnn.. 303/113.1
5,518,307  5/1996 OKkazaki .....cocecvvvveveeevrrennnnnnnnnn 303/157

FOREIGN PATENT DOCUMENTS

5-069808
5-162626

3/1993  Japan .
6/1993  Japan .

22| Filed: Jun. 30, 1998 Primary FExaminer—Robert J. Oberleltner
Y- ; T . Assistant Examiner—evon Kramer
50 Foreign Application Priority Data Attorney, Agent, or Firm—Pillsbury Madison & Sutro LLP
Jun. 30, 1997 [IP]  JaPAn ecoeeeeeeeeeeeeeeeeeeeereeeenene 0-174872
Aug. 28, 1997 [IP]  Japan ..oceoeeeormeeeeeerseeene 0-233022  [O7] ABSTRACT
51] Int. CL7 e B60T 8/66  An anti-skid control system has a determining device which
52] U.S. Cl oo 303/158; 303/113.1; 303/113.2;  determines whether no pressure increasing output is sched-
- 303/157; 303/113.3; 303/114.1 uled to be generated for any of pressure increasing valves
58] Field of Search ........................ 303/113.1, 113.2, ~ Provided for plural wheels for at least a predetermined time
303/115.3. 115.2. DIG. 2. 157 158? 113‘3’ period. When no pressure 1ncreasing output 1s scheduled to
113 4 "’113‘5 "’114‘1 114_2 ’114‘3’ 115_f be generated for any of the pressure increasing valves for at
’ ’ ’ ’ ’ least the predetermined time period, the pressure increasing
[56] References Cited valves are controlled so that a pressure increasing operation
1s carried out for at least one wheel cylinder to allow brake
U.S. PATENT DOCUMENTS fluid to flow from a master cylinder to the wheel cylinder.
4,865,399  9/1989 Atkins et al. ..eeevvrnrieennnnennnn, 303/113.2
5,297,861  3/1994 Morita et al. ...ccovvvereeennnnnnnnn. 303/113.5 25 Claims, 12 Drawing Sheets

( START )

INITIALIZATION

10

ELAFSE OF Tams?

YES

CALCULATE WHEEL SPEEDS
(VW=x+) OF FOUR WHEELS

NO

(dVW =x) OF FOUR WHEELS

CALCULATE VEHICLE
BODY SPEED (VB )

CALCULATE VEHICLE BODY
DECELERATION (dVB )

CALCULATE SLIP RATIOS
(SW xx) OF FOUR WHEELS

| DETERMINE CONTROL MODES
OF FOUR WHEELS

OF FOUR WHEELS

=

DRIVE ACTUAIORS OF
FOUR WHEELS

EXAMINE OUTPUT MODES Ifq 0

CALCULATE WHEEL ACCELERATIONS 40

50

00

70

80

100




U.S. Patent Sep. 12, 2000 Sheet 1 of 12 6,116,705

ROM CPU



U.S. Patent Sep. 12, 2000 Sheet 2 of 12 6,116,705

FIG. 2

ELAPSE O

CALCULATE WHEEL SPEEDS
(VW= =) OF FOUR WHEELS

CALCULATE WHEEL ACCELERATIONS |40
(dVW * *) OF FOUR WHEELS
CALCULATE VEHICLE S0
BODY SPEED (VB)
CALCULATE VEHICLE BODY
DECELERATION (dVB)
CALCULATE SLIP RATIOS
(SW **) OF FOUR WHEELS
DETERMINE CONTROL MODES|L~80
OF FOUR WHEELS
EXAMINE OUTPUT MODES 40
OF FOUR WHEELS
DRIVE ACTUATORS OF 00
FOUR WHEELS



6,116,705

Sheet 3 of 12

Sep. 12, 2000

U.S. Patent

UNS

2GOW JGONW JAOW
ONINIVINIVW | oISy 403a | DNISVIAON]

TIMNSSF | | FHNSST | pez/| FMNSSTiL

FAONW ONISVIHONI
JH1SS34d ASIMGFLS

0cc ON

OV 14 T104LNOI
3554

2
NALLYd 1111710
40 NOILF IdWOD

OLE

¢ I0O4INQOD
NS -1INV
ONIANd

OV 14 TOHINOD
145

09¢ 012

¢NO HIOLIMS
d0OLS

m, . @ \ u\ NOILYNINSFL 30 JAON JOALNOD

O

N



U.S. Patent Sep. 12, 2000 Sheet 4 of 12 6,116,705

FIG. 4

NO PRESSURE

INCREASING OUTPUT
FOR KT177

410

NO

420

NO SCHEDULE
OF OUTPUT WITHIN
KI2?

YES

WHEEL SELECTION 430

SET STEPWISE PRESSURE | 440
INCREASING MODE FOR
SELECTED WHEEL

END



6,116,705

Sheet 5 of 12

Sep. 12, 2000

U.S. Patent

(NS

SHOLVNLIV AIEA

143HM HFHIONY 0/c S3A

085 ST33HM 4107 ¢ Dl

Y04 135S N3G IAVH
ON SITOW 1Nd1N0

095

LNd1N0O DNISYIHIIT LNd1N10 ONINIVINIVW 11d1N0 ONISVILINI
JANSSF4d L3S JA/1SSFHS L3S JA155F4d 1S

055  >IA 0€S olg S

¢ ONIWILL ¢ ONINWILL
NOI LV ANFD NOI LV INFD
LNdLN0 DNISYAAIOIA ON LNLN0O DNISVIAONI
24/15' S 4MA JAONW FH1SSFHA
046 ONINIVINIVIN
FH1SS M ).
JUOW ONISVILIIA /1S S3dd FUOW DNISVISONIZ  FAOW DNISYIHONI

F4/15SIHd B (e /INNE (e
LAVLS ISIMAILS



U.S. Patent Sep. 12, 2000 Sheet 6 of 12 6,116,705

, _
A 712 Tf INCREASING
(2) ' /A
| |
| - MAINTAINING
21 K71 :g: l22 KTT "27’723
- | | !
v T Y
(b)
t
o PERIOD DURING WHICH BRAKE
AN PEDAL CANNOT BE DEPRESSED
OF BRAKE B g
PEDAL ! '
0
.{.
(d)
OPERATION PERIOD DURING WHICH BRAKE
AMOUNT PEDAL CANNOT BE DEPRESSED
OF BRAKE e

PEDAL i



U.S. Patent Sep. 12, 2000 Sheet 7 of 12 6,116,705

 /INCREASING
(2)
MAINTAINING
¢
INCREASING
B AU
(b)
MAINTAINING
f
(¢)
PERIOD DURING WHICH BRAKE
OPERATION PEDAL CANNOT BE DEPRESSED
AMOUNT S RN
OF BRAKE | |
PEDAL ; :
0
.{.
(d)
OPERATION PERIOD DURING WHICH BRAKE
é?:”%‘f% . PEDAL CANNOT BE DEPRESSED
e 2

PEDAL AN /\ /\



U.S. Patent Sep. 12, 2000 Sheet 8 of 12 6,116,705

FIG. 8

NO PRESSURE
INCREASING OUTPUT
FOR KT 37?

610

NO

020

NO SCHEDULE

OF OUTPUT WITHIN
KI47

YES

WHEEL SELECTION 630

SET VALVE OPENING | 640
REQUEST FOR
SELECTED WHEEL

END




U.S. Patent Sep. 12, 2000 Sheet 9 of 12 6,116,705

FI(. ¢ START
STEPWISE
FPRESSURE PRESSURE
INCREASING  INCREASING PRESSURE
MODE MODFE DECREASING MCDE

PRESSURE
MAINTAINING

MOLE
PRESSURE
DECREASING QUTPUT

700

- PRESSURE
INCREASING OUTPUT

GENERATION GENERAIION
TIMING? [IMING??

VES 730 YES

SET PRESSURE
710 MAINTAINING OUTPUT 770
SET PRESSURE _ SET PRESSURE
INCREASING OUTPUT DECREASING OUTPUT

PRESSURE DECREASING |/ 740
VALVE OPENING
REQUEST DETERMINATION

PRESSURE INCREASING
VALVE OPENING
REQUEST DETERMINATION

750

760

OUTPUT MODES
HAVE BEEN SET FOR -
FOUR WHEELS

Vro ANOTHER WHEEL

DRIVE ACTUATORS V790

NO

END



U.S. Patent Sep. 12, 2000 Sheet 10 of 12 6,116,705

FIG. 10

810
NO PRESSURE

DECREASING VALVE '
REQUEST
YES 850

YES
SET PRESSURE INCREASING V930
VALVE OPENING OUTPUT

END



U.S. Patent Sep. 12, 2000 Sheet 11 of 12 6,116,705

| v VEHICLE BODY SPEED
(2)
>rEED WHEEL SPEED
t
FRESSURE
KT3 KT4
@EﬁEAS/NG < —Wr——’l
I
OPEN T
CLOSE |————- ,
I
(C) %
DECREASING "y |
VALVE 1
OPEN {~-—-- i
CLOSE ,
(d)
W/ C
PRESSURE |
et ol f
() PERIOD DURING WHICH BRAKE
OPERATION PEDAL CANNOT BE DEPRESSED
AMOUNT OF e —
BRAKE PEDAL
) PERIOD DURING WHICH BRAKE *
OPERATION PEDAL CANNOT BE DEPRESSED
AMOUNT OF -

BRAKE PELDAL |
|




U.S. Patent Sep. 12, 2000 Sheet 12 of 12 6,116,705

FIG. 13
V{: VEHICLE BODY SPEED

(3)
SPEED

(D)
PRESSURE
INCREASING
VALVE

OPEN
CLOSE |-~ e

WHEEL SPEED

(C)
PRESSURE
DECREASING
VALVE
OPEN - -—-—]——l ]
CLOSE f
(d)
W/ C
PRESSURE
- — -
(o) PERIOD DURING WHICH BRAKE
AMOUNT OF
BRAKE PEDAL
< B t
(f) PERIOD DURING WHICH BRAKE
OPERATION PEDAL CANNOT BE DEPRESSED
AMOUNT OF < — —

BRAKE PEDAL N\

.{.




6,116,705

1
ANTI-SKID CONTROL SYSTEM

CROSS REFERENCE TO RELATED
APPLICATTION

This application 1s based upon and claims priority from
Japanese Patent Applications No. He1.9-174872 filed Jun.
30, 1997 and No. He1.9-233022 filed Aug. 28, 1997, the

contents of which are mcorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antiskid control system
which controls slippage of wheels occuring at the time of
vehicle braking.

2. Related Art

A conventional anti-skid control system calculates a slip
ratio with respect to each of wheels from a vehicle body
speed and each wheel speed and maintains a slipping state
of each of the wheels 1n a reasonable state to prevent the
wheels from locking.

The anti-skid control system has a master cylinder gen-
erating a brake fluid pressure 1n response to an operation of
a brake pedal conducted by a driver and a plurality of wheel
cylinders for producing a braking torque to each of the
wheels using the brake fluid pressure generated by the
master cylinder. The anti-skid control system controls a
slipping state of each of the wheels by increasing or decreas-
ing a brake fluid pressure of each of the wheel cylinders
(heremalfter, referred to as W/C pressure).

In more detail, when the slip ratio of a wheel becomes
large and the wheel has a tendency lock, the W/C pressure
of the wheel 1s decreased by discharging the brake fluid
within the wheel cylinder assigned to that wheel nto a
reservolr. When the tendency of the wheel to lock becomes
small due to the decrease of the W/C pressure, the W/C
pressure thereof 1s maintained. Also, when the tendency of
the wheel to lock disappears, the W/C pressure thereof 1s
increased at predetermined timing.

In the above-mentioned system, since the W/C pressure 1s
increased using brake fluid pressure generated by the master
cylinder, when the W/C pressure 1s to be maintained, the
brake fluid pressure generated by the master cylinder 1s
prevented from being transmitted to the wheel cylinder. At
this time, however, the movement of the brake pedal is
restricted because the brake fluid pressure 1s not transmitted
from the master cylinder to the wheel cylinder. When the
restriction of the brake pedal movement lasts for a long time,
the driver harbors a feeling such that the brake pedal cannot
be depressed, that 1s, the brake pedal 1s like a fixed plate
(hereinafter, referred to as “fixed plate feeling”). As a resullt,
an operational feeling of the brake pedal deteriorates.

SUMMARY OF THE INVENTION

The present mvention 1s made 1 view of the above
problem and 1ts object 1s to provide an anfi-skid control
system which can provide a good operational feeling of a
brake pedal to a driver by adjusting a period of time during,
which a movement of the brake pedal 1s restricted.

To attain the above-described object, the inventors of the
present invention studied a control method of an anti-skid
control system.

In the anti-skid control system, pressure increasing timing,
1s established independently for each of the wheels, and the
W/C pressure of each of the wheels 1s increased in accor-
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dance with the pressure increasing timing. FIG. 7 shows
pressure 1ncreasing timing during a pressure 1ncreasing
control mode and an operation amount of the brake pedal. It
is to be noted that a time chart (a) shows pressure increasing,
timing in a first wheel, a time chart (b) shows pressure
increasing timing in a second wheel, a time chart (c¢) shows
an operation amount of a brake pedal 1n a so-called pump-
less system 1n which the brake fluid discharged 1n a reservoir
1s returned to a master cylinder without using a pump, a time
chart (d) shows an operation amount of a brake pedal in a
system provided with a pump 1n which the brake fluid
discharged 1n a reservoir is returned to a master cylinder
using a pump.

As shown 1n FIG. 7, a pressure increasing output 1s
intermittently generated as a pressure increasing pulse signal
at each of the pressure increasing timing. That 1s, the W/C
pressure 1s actually increased at pressure increasing timing
and the W/C pressure 1s maintained other than that timing
even during the pressure increasing control mode.

As described above, the movement (stroke) of the brake
pedal 1s restricted when the W/C pressure 1s maintained.
Therefore, 1f pressure increasing timing does not come for
both the first and second wheels over a long time, a driver
receives the fixed plate feeling from the brake pedal and an
operation feeling thercof becomes worse.

Therefore, an anti-skid control system according to the
first aspect of the present invention includes an anti-skid
control performing device provided with a determining
device which determines whether no pressure increasing
output 1s scheduled to be generated for any of plural wheels
for at least a predetermined time period. When the deter-
mining device determines that no pressure 1ncreasing output
1s scheduled to be generated for any of the plural wheels for
at least the predetermined time period, the anti-skid control
performing device controls brake fluid pressure adjusting
valves so that a pressure increasing operation 1s carried out
with respect to at least one wheel within the predetermined
fime period.

In this way, by carrying out the pressure increasing,
operation with respect to at least one wheel within the
predetermined time period after which the driver may harbor
the fixed plate feeling from the operation of a brake pedal,
the driver can depress the brake pedal, thereby receiving no
fixed plate feeling therefrom. As a result, it 1s possible to
provide an anti-skid control system having a good opera-
tional feeling of the brake pedal.

The anti-skid control performing device can carry out the
pressure increasing operation within the predetermined time
period by advancing pressure increasing output generation
timing which has been set for at least one wheel of the plural
wheels prior to the determination of the determining device.

The anti-skid control performing device can also carry out
the pressure increasing operation by generating a pressure
increasing output for at least one wheel, 1rrespective of
pressure increasing output generation timing which has been
set for the plural wheels prior to the determination of the
determining device.

Preferably, the anti-skid control performing device
selects, among the plural wheels, one wheel 1n which the
longest time has elapsed from the previous pressure increas-
ing output and carries out the pressure increasing operation
to a wheel cylinder assigned to the selected wheel. It 1s
conceivable that the wheel 1n which the longest time has
clapsed from the previous pressure increasing output has a
margin for pressure increasing because the W/C pressure
thereof 1s relatively low. Therefore, by carrying out the
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pressure increasing operation to such a wheel, 1s the fixed
plate feeling 1s not given to the driver through the operation
of the brake pedal, but also anti-skid control can be favor-
ably carried out.

Alternatively, the anti-skid control performing device can
select a wheel which has the lowest slip ratio as the wheel
for the pressure increasing operation to be carried out. As a
result, 1t 1s possible to prevent the slip ratio of the wheel
from being excessively large due to the pressure increasing
operation. Also, the anti-skid control performing device can
select a wheel 1n which the sum of pressure increasing
output generation time periods 1s the smallest after a previ-
ous pressure decreasing output 1s generated. That 1s, 1t 1s
conceivable that the wheel in which the sum of pressure
Increasing output generation time periods 1s the smallest has
a lower W/C pressure than the other wheels. Therefore, even
when the pressure increasing operation 1s carried out to the
selected wheel, 1t 1s possible to prevent the slip ratio of the
wheel from being excessively large due to the pressure
Increasing operation.

When each of the W/C pressures can be directly or
indirectly detected, as the wheel for the pressure increasing
operation to be carried out, the wheel having the smallest
W/C pressure may be selected.

Next, an anti-skid control system according to the second
aspect of the present invention 1s explained.

In the anti-skid control system, anti-skid control i1s per-
formed by independently increasing, decreasing, or main-
taining W/C pressures of plural wheels 1n response to a
slipping state of each of the wheels.

FIG. 13 shows time charts of anti-skid control being
performed and an operation amount of a brake pedal. It 1s to
be noted that a time chart (a) shows a vehicle body speed and
a wheel speed, a time chart (b) shows opening and closing
timing of a pressure increasing valve, a time chart (¢) shows
opening and closing timing of a pressure decreasing valve,
a time chart (d) shows the W/C pressure, a time chart (e)
shows an operation amount of a brake pedal 1n a so-called
pump-less system 1n which the brake fluid discharged m a
reservolr 1s returned to a master cylinder without using a
pump, and a time chart (f) shows an operation amount of a
brake pedal in a system provided with a pump 1n which the
brake fluid discharged 1n a reservoir 1s returned to a master
cylinder using a pump.

As shown 1n FIG. 13, when anti-skid control starts,
pressure decreasing control and pressure maintaining con-
trol are sequentially carried out. Therefore, during that time,
because the pressure increasing valve 1s continuously
closed, a brake fluid pressure generated by the master
cylinder 1s not transmitted to a wheel cylinder corresponding
to the closed pressure increasing valve.

The movement of the brake pedal 1s restricted when all the
pressure 1ncreasing valves are closed. If all the pressure
increasing valves continue to be closed over a long time, a
driver receives the fixed plate feeling from the brake pedal
and an operation feeling thereof becomes worse.

Therefore, an anti-skid control system according to the
second aspect of the present invention includes an anti-skid
control performing device provided with a first determining
device which determines whether brake fluid flow 1s pro-
hibited 1n every conduit connecting a master cylinder to
plural wheel cylinders of plural wheels for at least a first
predetermined time. When the brake fluid flow 1s prohibited
in all the conduits for at least the first predetermined time,
the anti-skid control performing device selects at least one
wheel from the plural wheels and drives a pressure 1ncreas-
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4

ing valve corresponding to a wheel cylinder of the selected
wheel 1nto an opening state. As a result, the brake fluid flow
1s allowed between the master cylinder and the wheel
cylinder.

The first predetermined time 1s set to be shorter than a
time period wherein, 1f the pressure increasing valve 1s
continuously closed for that time period, the driver would
receive the fixed plate feeling from a brake pedal. Theretore,
if the brake fluid flow 1s allowed between the master cylinder
and the wheel cylinder by the pressure increasing valve
when the brake fluid flow 1s prohibited 1n all the conduits for
at least the first predetermined time, the driver can depress
the brake pedal prior to receiving the fixed plate feeling from
the brake pedal. Therefore, it 1s possible to provide an
anti-skid control system having a good operational feeling of
a brake pedal.

When the time period after which the driver certainly
receives the fixed plate feeling 1s a time that both a first
predetermined time and a second predetermined time elapse,
if any one of the pressure increasing valves 1s opened before
the second predetermined time elapses, the driver will not
receive the fixed plate feeling from the brake pedal.
Theretfore, the anti-skid control system may further com-
prise a second determining device which determines
whether brake fluid flow is going to be allowed 1n any one
of the plural conduits within the second predetermined time.
When the determining device determines that brake fluid
flow 1s not going to be allowed 1n all the conduits within the
second predetermined time, at least one wheel 1s selected
and a pressure increasing valve corresponding to a wheel
cylinder of the selected wheel 1s opened.

The time period during which the pressure increasing,
valve 1s opened may be varied in accordance with a W/C
pressure of a wheel cylinder of the selected wheel. If the
pressure 1ncreasing valve 1s opened for a long time when, for
example, the W/C pressure 1s maintained at a desired
pressure 1n the wheel cylinder of the selected wheel, the W/C
pressure of the wheel cylinder 1s excessively increased.
Therefore, 1t 1s preferable to vary the time period during
which the pressure increasing valve 1s opened 1n accordance
with the W/C pressure of the selected wheel.

The anti-skid control performing device may open a
pressure decreasing valve corresponding to the wheel cyl-
inder of the selected wheel, 1n addition to the pressure
increasing valve switched 1n an open state. As a result, not
only brake fluid flow 1s allowed between the master cylinder
and the wheel cylinder, but also brake fluid flow 1s allowed
between the wheel cylinder and a reservoir connected on a
downstream side of the pressure decreasing valve. In this
case, even 1f the pressure increasing valve 1s opened, the
W/C pressure of the selected wheel 1s not increased exces-
sively.

Preferably, the anti-skid control performing device
selects, among the plural wheels, one wheel 1n which the
longest time has elapsed from the previous pressure increas-
ing operation and opens the pressure increasing valve cor-
responding to the selected wheel. It 1s conceivable that the
wheel 1n which the longest time has elapsed from the
previous pressure increasing operation has a margin for
pressure increasing because the W/C pressure thereof 1s
relatively low. Therefore, by selecting such a wheel, not only
the fixed plate feeling 1s not given to the driver from the
operation of the brake pedal, but also anti-skid control can
be favorably carried out.

Alternatively, the anti-skid control performing device can
select a wheel which has the lowest slip ratio. As a result, 1t
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1s possible to prevent the slip ratio of the wheel from being
excessively large when the pressure increasing valve 1s
opened. Also, the anti-skid control performing device can
select a wheel 1n which the sum of pressure increasing
output generation time periods after a pressure decreasing
output earlier generated 1s the smallest. That 1s, 1t 1s con-
ceivable that the wheel in which the sum of pressure

increasing output generation time periods 1s the smallest has
a lower W/C pressure than the other wheels. Therefore, even
when the pressure 1ncreasing valve 1s opened, it 1s possible
to prevent the slip ratio of the wheel from being excessively
large.

When each of the W/C pressures can be directly or
indirectly detected, as the wheel for the corresponding
pressure increasing valve to be opened, the wheel having the
smallest W/C pressure may be selected.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present mvention
will be appreciated, as well as methods of operation and the
function of the related parts, from a study of the following
detailed description, the appended claims, and the drawings,
all of which form a part of this application. In the drawings:

FIG. 1 1s a schematic view illustrating an anti-skid control
system according to a first embodiment of the present
mvention;

FIG. 2 1s a flow diagram showing a main routine executed
by an ECU of the anti-skid control system;

FIG. 3 1s a flow diagram showing a four wheel’s control
mode setting process 1n FIG. 2;

FIG. 4 1s a flow diagram showing a four wheel’s output
mode examination process 1n FIG. 2;

FIG. 5 1s a flow diagram showing a four wheel’s output
control process in FIG. 2;

FIG. 6 1s time charts for explaining functions of the
anti-skid control system of FIG. 1;

FIG. 7 1s time charts showing operations of a conventional
anti-skid control system;

FIG. 8 1s a flow diagram showing a four wheel’s output
mode determination process according to a second embodi-
ment of the present invention;

FIG. 9 1s a flow diagram showing a four wheel’s output
control process according to the second embodiment;

FIG. 10 1s a flow diagram showing a pressure decreasing
valve opening output determination process in FIG. 9;

FIG. 11 1s a flow diagram showing a pressure maintaining
valve opening output determination process in FIG. 9;

FIG. 12 1s time charts for explaining functions of the
anti-skid control system according to the second embodi-
ment; and

FIG. 13 1s time charts showing operations of a conven-
fional anti-skid control system.

PREFERRED EMBODIMENTS OF THE
INVENTION
(First Embodiment)

As shown 1n FIG. 1, wheel speed sensors 5-8 of electro-
magnetic pick-up type or magnetroresistance effect element
type are disposed at a front-right wheel 1, a front left wheel
2, a rear-right wheel 3, and a rear-left wheel 4, respectively.
The wheel speed sensors 5—8 generate pulse signals corre-
sponding to rotations of the wheels 1-4.

Also, wheel cylinders 11-14 are provided to the wheels
1-4, respectively. Brake fluid pressure generated by a master
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6

cylinder 16 1s transmitted to the wheel cylinders 11-14 via
two position valves (pressure increasing control valve)
21-24 and the hydraulic conduits, respectively. The master
cylinder 16 generates the brake fluid pressure in response to
a brake pedal 27 depressed by a driver. A depression state of
the brake pedal 27 1s detected by a stop switch 29.

The wheel cylinders 11, 14 are connected to a reservoir 37
via two position valves (pressure decreasing control valves)
31, 34, respectively. The wheel cylinders 12, 13 are con-
nected to a reservoir 39 via two position valves (pressure
decreasing control valves) 32, 33, respectively.

It 1s to be noted that each of the two position valves
21-24, 31-34 are an clectromagnetic type two position
valve having an open position and a closed position.

Bypass passages 41-44 are provided across the two
position valves 21-24, respectively. Check valves 41a—44a
are disposed 1n the respective bypass passages 41-44,
whereby only the brake fluid flowing from wheel cylinders
11-14 to the master cylinder 16 can pass through the bypass
passages 41-44. Also, the master cylinder 16 1s connected to
the reservoirs 37, 39 via hydraulic conduits having check
valves 47, 49, respectively. Therefore, only the brake fluid
flowing from the reservoirs 37, 39 to the master cylinder 16
can pass through the hydraulic conduits having the check
valves 47, 49. It 1s to be noted that, when pumps are used to
return the brake fluid accumulated 1n the reservoirs 37, 39 to
a master cylinder side, the pumps are disposed at the
positions of the check valves 47, 49.

Detection signals of the wheel speed sensors 5—8 and the
stop switch 29 are fed to an electronic control unit (ECU) S0.
The ECU 50 1s a well-know micro-computer having a CPU,
a ROM, a RAM and an input/output circuit (I/O). The ECU
50 produces control signals to control the two position
valves 21-24, 31-34 based on the detection signals. The
control signals include three types of output modes (a
pressure 1ncreasing output, a pressure maintaining output,
and a pressure decreasing output), and are produced for each
of the wheels 1-4. Here, actions of the two position valves
21-24, 31-34 caused by the respective outputs are explained
using the case of the front right wheel 1 as an example.

Producing the pressure increasing output for the front-
richt wheel 1 means that the control signals are applied to
the two position valves 21, 31 so that the two position valve
21 1s switched to the open position and the two position
valve 31 1s switched to the closed position. As a result, the
brake fluid pressure generated by the master cylinder 16 1s
supplied to the wheel cylinder 11 of the front-right wheel 1
as 1t 1s.

Producing the pressure maintaining output for the front-
richt wheel 1 means that the control signals are applied to
the two position valves 21, 31 so that both of the two
position valves 21, 31 are switched to the closed position. As
a result, the brake fluid pressure of the wheel cylinder 11 1s
maintained. If the depression of the brake pedal 27 is
reduced during the pressure maintaining output being
produced, the brake fluid flows through the bypass passage
41 and the brake fluid pressure of the wheel cylinder 11 1s
decreased.

Producing the pressure decreasing output for the front-
richt wheel 1 means that the control signals are applied to
the two position valves 21, 31 so that the two position valve
21 1s switched to the closed position and the two position
valve 31 1s switched to the open position. As a result, the
brake fluid of the wheel cylinder 11 1s discharged into the
reservolr 37 and thereby the pressure thereof 1s decreased.

The ECU 350 also produces the control signals for the
other wheels 2—4, and the two position valves 22-24, 32—-34
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assigned to the other wheels 2—4 are controlled 1n the same
manner as described above. It 1s to be noted that the state of
the control signals including the pressure 1ncreasing output,
the pressure maintaining output and the pressure decreasing
output may be changed depending on the kind of the
previous control signal.

The details of the processing executed by the ECU 50 are
described with reference to the flow diagrams shown in
FIGS. 2-5. The ECU 50 executes the main routine shown 1n
FIG. 2 when an 1gnition switch 1s turned on. It 1s to be noted
that the main routine of FIG. 2 1s executed for each of the
wheels 1-4 by time sharing.

First, an 1nitialization processing 1s carried out at step 10.
In the mmitialization processing, the processing such that a
memory 1s cleared and flags are reset 1s executed.

At the following step 20, 1t 1s determined whether a
predetermined time (for example 5 ms) has elapsed from the
last processing to carry out the processing of the step 30 and
the followings for each predetermined time.

When the predetermined time has elapsed, the processing
advances to step 30. At step 30, wheel speeds Vw** of the
wheels are calculated based on rotational speed signals from
the wheel speed sensors 5—8. Here, a symbol “* *” generi-
cally represents signs FR, FL, RR, RL showing the respec-
tive wheels 1-4. That 1s, Vw * * means VwWFR, VwFL,
VwRR and VwRL which are wheel speeds of the front-right
wheel 1, the front-left wheel 2, the rear-right wheel 3 and the
rear-left wheel 4.

At the following step 40, wheel accelerations dVw** of
the wheels 1-4 are calculated by differentiating the wheel
speed Vw** calculated at step 30. At step 50, a vehicle body
speed (estimated vehicle body speed) is calculated based on
a maximum speed Vwmax among the wheel speeds Vw™**
calculated at step 30. For example, it 1s determined whether
the maximum speed Vwmax 1s 1n a range from an accel-
eration limit value Vo which 1s calculated by adding a
predetermined value to the previous vehicle body speed
VB(n-1) to a deceleration limit value V3 which is calculated
by subtracting a predetermined value from the previous
vehicle body speed VB(n-1). When the maximum speed
Vwmax 1s 1n the range from the acceleration limit value Vo
to the deceleration limit value V[, the maximum speed
Vwmax 1s set as the vehicle body speed VB as 1t 1s. When
the maximum speed Vwmax exceeds the acceleration limait
value Va, the acceleration limit value Va 1s set as the
vehicle body speed VB. When the maximum speed Vwmax
1s lower than the deceleration limit value V{3, the decelera-
tion limit value V{3 1s set as the vehicle body speed VB.

At step 60, a vehicle body deceleration dVB 1s calculated
by differentiating the vehicle body speed VB calculated at
step 40. At step 70, slip ratios SW** of the respective wheels
1-4 are calculated based on the calculated vehicle body
speed VB and the respective wheel speeds VB* *. After that,
at step 80, a control mode to be set for an actuator (two
position valves 2124, 31-34) assigned to each of the wheel
1-4 1s determined based on the slip ratios SW* * and the
wheel accelerations dVw**, The detailed processing of this
step 1s described later with reference to a flow diagram
showing a four wheel’s control mode setting process 1n FIG.

3.

At step 90, an output mode set to each of the actuators for
the wheels 14 1s examined. When a pressure increasing
output 1s not fed to any one of the actuators for the wheels
1-4 for a long time, at least one wheel 1s selected under
predetermined conditions. A predetermined control mode 1s
set for the actuator for the selected wheel instead of the
control mode having set at step 80. The detailed processing
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of this step 1s described later with reference to a flow
diagram showing a four wheel’s output mode examination
process 1n FIG. 4.

At step 100, the actuators for the wheels 1-4 are driven in
accordance with the control modes set at step 80 and step 90.

Next, the detail processing of step 80 1s described with
reference to the flow diagram in FIG. 3. This processing is
for setting control modes of the actuators (two position
valves 2124, 31-34) for the respective wheels 1-4 and is
repeatedly executed four times for each of the front-right
wheel 1, the front-left wheel 2, the rear-right wheel 3 and the
rear-left wheel 4. In setting of the control mode, the specifics
of a control signal fed to each of the actuators is further
determined. For example, when a stepwise pressure increas-
ing mode 1n which a pressure increasing output and a
pressure maintaining output are alternatively generated 1is set
as the control mode, a time for a pressure 1ncreasing output
to be generated, a time for a pressure maintaining output to
be generated, a number of pressure increasing outputs and
the like are determined.

First, at step 210, 1t 1s determined whether the stop switch
26 1s turned on, that 1s, the vehicle 1s started to be braked
down. When the stop switch 26 1s not turned on, a control
flag prepared for an object wheel 1s reset at step 220 and the
control mode of the actuator (two position valves 2124,
31-34) for the object wheel is set to a pressure increasing
mode at step 230. Then, the processing 1s terminated once.
Here, the pressure increasing mode 1s a mode 1n which the
pressure 1ncreasing output is successively generated. That 1s,
the brake fluid pressure generated by the master cylinder 16
1s supplied to the wheel cylinder 11-14 of the object wheel
as 1t 1s.

When the stop switch 26 1s turned on, it 1s determined at
step 240 whether the control flag has been set. Because the
control flag 1s still 1n a reset state immediately after the stop
switch 26 1s turned on, a negative determination 1s made at
step 240. As a result, the processing advances to step 250. At
step 250, 1t 1s determined whether the slip ratio SW of the
object wheel i1s greater than a target slip ratio KSO (for
example 20%).

When a negative determination 1s made at step 250, the
processing advances to step 220 and step 230. At steps 220,
230, as described above, the control flag 1s reset and the
control mode of the actuator for the object wheel 1s set to the
pressure 1ncreasing mode. On the other hand, when an
atfirmative determination 1s made at step 250, the processing
advances to step 260 and the control flag 1s set.

At step 270, 1t 1s determined whether the slip ratio SW of
the object wheel 1s greater than a predetermined slip ratio
KS1. The predetermined slip ratio KS1 1s less than the target
slip ratio KS0. For example, when the target slip ratio KS0
1s set to 20%, the predetermined slip ratio 1s set to 15%.

When an affirmative determination 1s made at step 270,
the processing advances to step 280. At step 280, 1t 1s
determined whether the wheel acceleration dVw of the
object wheel is lower than zero acceleration (0 G), that is,
the object wheel decelerates or accelerates. When an affir-
mative determination 1s made at step 280, the processing
advances to step 290. At step 290, the control mode of the
actuator for the object wheel 1s set to a pressure decreasing
mode and the processing 1s terminated once. On the other
hand, when a negative determination 1s made at step 280, the
processing advances to step 300. At step 300, the control
mode of the actuator for the object wheel 1s set to a pressure
maintaining mode and the processing 1s terminated once.

Here, the pressure decreasing mode 1s a mode 1n which a
pressure decreasing output and a pressure maintaining out-
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put are alternatively and repeatedly generated (for example,
these two outputs are switched each 15 ms). The pressure
maintaining mode 1s a mode 1n which a pressure maintaining
output 1s successively generated. Therefore, when the wheel
acceleration dVw of the object wheel 1s lower than 0 G, that
1s, the tendency for the object wheel to be locked 1is
increasing, the brake fluid pressure of the wheel cylinder of
the object wheel 1s gradually decreased due to the pressure
decreasing mode. When the wheel acceleration dVw of the
object wheel exceeds 0 G, 1.e., the slippage of the object
wheel 1s gradually reduced, the brake fluid pressure of the
wheel cylinder of the object wheel 1s maintained due to the
pressure maintaining mode.

It 1s to be noted that, with respect to the pressure decreas-
ing mode, a switching cycle of the pressure decreasing
output and the pressure maintaining output and the like are
determined. In detail, as the number of the pressure increas-
ing outputs 1s larger 1 the previous pressure increasing
mode (or the sum of times during which pressure increasing
outputs are generated is longer), a duty ratio of the pressure
decreasing output 1s made larger.

When a negative determination 1s made at step 270, the
processing advances to step 310. At step 310, 1t 1s deter-
mined whether an output pattern set in a stepwise pressure
increasing mode 1s completely generated. Here, the output
pattern 1s set so that a given number of pressure increasing,
outputs 1s generated each predetermined period and a pres-
sure maintaining output 1s generated between the successive
pressure 1ncreasing outputs. Therefore, the brake fluid pres-
sure of the wheel cylinder of the object wheel 1s gradually
increased 1n accordance with the output pattern.

It 1s to be noted that the cycle on which the pressure
increasing output 1s generated 1s variable. When the cycle 1s
set short, because the duty ratio of the pressure increasing
output becomes large, the pressure increasing gradient
becomes relatively steep. On the other hand, when the cycle
1s set long, because the duty ratio of the pressure increasing
output becomes small, the pressure increasing gradient
becomes relatively gentle. Also, the number of pressure
increasing outputs can be variable.

The cycle on which the pressure increasing output 1s
generated and the number of pressure increasing outputs can
be determined based on the number of the pressure decreas-
ing outputs generated 1n the previous pressure decreasing
mode (or, an accumulated time during which the pressure
decreasing outputs are generated). For example, if the accu-
mulated time of the pressure decreasing output generated 1n
the previous pressure decreasing mode 1s long, 1t 15 con-
ceivable that a large amount of brake fluid pressure can be
rapidly increased in a wheel cylinder. Therefore, 1n this case,
the pressure increasing output generating cycle 1s set to be
relatively short. To the contrary, if the accumulated time of
the pressure decreasing output generated in the previous
pressure decreasing mode 1s short, the pressure increasing,
output generating cycle 1s set to be relatively long.

In this way, although the timing at which the pressure
increasing output 1s generated 1s different 1n case by case, it
1s possible to estimate the pressure increasing output gen-
cration fiming 1n the stepwise pressure increasing mode
based on the cycle determined in the above-mentioned
manner.

When an affirmative determination 1s made at step 310, 1t
1s regarded that the slippage of the object wheel 1s com-
pletely reduced and there 1s no possibility of the object
wheel being locked even 1f brake fluid pressure control ends.
Therefore, at steps 220, 230, the control flag 1s reset and the
control mode of the actuator for the object wheel 1s set to the
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pressure 1ncreasing control. That 1s, 1n a brake system, a
normal brake operated by a driver becomes effective.

When a negative determination 1s made at step 310, the
stepwise pressure increasing control mode continues to be
set at step 320 and the processing 1s terminated once.

Next, the detail processing of step 90 1s described with
reference to the flow diagram in FIG. 4. This processing 1s
for selecting a wheel 1n which the pressure 1increasing output
generation timing 1s shifted.

First, at step 410, 1t 1s determined whether no pressure
increasing output 1s generated for the actuators of the four
wheels 1-4 for at least a predetermined period KT1 after the
pressure 1ncreasing output was fed to any of the actuators for
the four wheels. If the pressure increasing output 1s not
cgenerated for a time period equal to or greater than the
predetermined period KT1, because the brake fluid within
the master cylinder 16 does not move into the wheel
cylinders during the time period, a driver cannot depress the
brake pedal and therefore may receive the fixed plate feeling
from the brake pedal. When an affirmative determination 1s
made at step 410, the processing advances to step 420. When
a negative determination 1s made, the processing 1s termi-
nated once.

The cases 1n which the affirmative determination 1s made
at step 410 are as follows:

1. The predetermined period KT1 has elapsed while
pressure decreasing mode or the pressure maintaining mode
1s being set for all the four wheels 1-4.

2. Although the pressure increasing mode 1s set for at least
onc wheel, the predetermined period KT1 has elapsed after
the previous pressure increasing output was generated.

At step 420, 1t 1s determined whether no pressure increas-
ing output 1s scheduled to be generated for any of the four
wheels 1-4 until a predetermined period KT2 will elapse
after the predetermined period K11 has elapsed. That 1s, the
sum of the predetermined period K'T1 and the predetermined
pertod KT2 1s set so that the driver certainly receives the
fixed plate feeling from the brake pedal i1f no pressure
increasing output 1s generated to any of the pressure increas-
ing valves 21-24 within the time of the sum. Therefore, 1t
any of the pressure 1ncreasing valves 21-24 1s not opened by
the pressure increasing output until the predetermined period
KT2 will elapse, an operational feeling of the brake pedal
becomes worse.

For this reason, when an affirmative determination 1s
made at step 420, the processing advances to step 430. At
step 430, a wheel for which pressure increasing output
generation timing 1s shifted 1s selected. This wheel selection
1s made based on times at which previous pressure increas-
ing outputs were generated for the respective wheels 1-4. In
detail, one wheel 1n which the longest time has elapsed from
the previous pressure increasing output 1s selected. This 1s
because 1t 1s conceivable that the wheel 1n which the longest
time has elapsed from the previous pressure increasing
output has a margin for pressure mcreasing since the W/C
pressure thereof 1s relatively low.

When a negative determination 1s made at step 420,
because 1t 1s conceivable that an operational feeling of the
brake pedal does not become worse very much, the process-
ing ends.

When one wheel 1s selected at step 430, the processing
advances to step 440. At step 440, a control mode of an
actuator (two position valves 21-24, 31-34) for the selected
wheel 1s set to the stepwise pressure increasing mode 1nstead
of the control mode set at step 80 and the processing ends.

Next, the detail processing of step 100 1s described with
reference to the flow diagram 1n FIG. 5. In this processing,
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a pressure increasing output, a pressure maintaining output,
or a pressure decreasing output 1s set 1n accordance with a
control mode established to each of the wheels 14 at steps
80, 90, and control signals corresponding to each output are
applied to solenoids of the pressure increasing valve (21-24)
and the pressure decreasing valve (31-34). This processing
1s carried out four times to set output modes of the actuators
for the four wheels 1-4.

When a control mode of a processing object wheel 1s a
pressure 1ncreasing mode, the processing advances to step
510. At step 510, a pressure 1ncreasing output 1s set for the
actuator of the processing object wheel.

When a control mode of a processing object wheel 1s a
stepwise pressure 1ncreasing mode, the processing advances
to step 520. At step 520, 1t 1s determined whether 1t 1s now
pressure increasing output generation timing. This determi-
nation 1s made based on the pressure increasing output
generating cycle and the number of the pressure increasing
outputs set at step 80. When an affirmative determination 1s
made herein, the processing advances to step 510, a pressure
increasing output 1s set for the actuator of the processing
object wheel. When a negative determination 1s made at step
520, a pressure maintaining output 1s set for the actuator of
the processing object wheel at step 530.

When a control mode of a processing object wheel 1s a
pressure maintaining mode, the processing advances to step
530, and a pressure maintaining output is set for an actuator
of the processing object wheel.

When a control mode of a processing object wheel 1s a
pressure decreasing mode, the processing advances to step
540. At step 540, it 1s determined whether it 1s now pressure
decreasing output generation timing of the processing object
wheel. This determination 1s also made based on the switch-
ing cycle of the pressure decreasing output and the pressure
maintaining output determined at step 80. When an affir-
mative determination 1s made herein, the processing
advances to step 550, a pressure decreasing output 1s set for
the actuator of the processing object wheel. When a negative
determination 1s made at step 540, a pressure maintaining
output 1s set for the actuator of the processing object wheel
at step 530.

After the output mode 1s set at step 510, 530, or 550, the
processing advances to step 560. At step 560, it 1s deter-
mined whether the output mode has been set for each
actuator of the four wheels 1-4. When an affirmative deter-
mination 1s made herein, the processing advances to step
570. At step 570, control signals 1n accordance with the
output modes set for the respective wheels are applied to
solenoids of the pressure increasing valves 21-24 and the
pressure decreasing valves 31-34, whereby the pressure
increasing valves 21-24 and the pressure decreasing valves
31-34 are moved to positions corresponding to the output
modes, respectively. When a negative determination 1s made
at step 560, another wheel 1s set as a processing object wheel
at step 580.

Next the functions of the anti-skid control system are
described with reference to FIG. 6. It 1s to be noted that, 1n
FIG. 6, only pressure increasing outputs for two wheals are
shown for brevity’s sake. FIG. 6(a) shows pressure increas-
ing output generation timing for a first wheel, FIG. 6(b)
shows pressure increasing output generation timing for a
second wheel, FIG. 6(c) shows an operation amount of a
brake pedal 1n a so-called pump-less system 1n which the
brake fluid discharged in a reservoir 1s returned toward a
master cylinder without using a pump, and FIG. 6(d) shows
an operation amount of a brake pedal 1n a system provided
with a pump in which the brake fluid discharged 1in a
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reservolr 1s returned to a master cylinder using a pump. It 1s
to be noted that, in FIG. 6(a), pressure increasing outputs
show by slanting lines show normal pressure increasing
output generation timing. The normal pressure increasing
output generation timing 1s determined based on the pressure
increasing output generating cycle, as described above.

As shown 1n FIG. 6, after the pressure increasing output
1s generated for the first wheel at a time 111 and the pressure
increasing output 1s generated for the second wheel at a time
121 which 1s slightly later than the time T11, at a time that
the predetermined period K11 has elapsed, it 1s determined
whether no pressure increasing output 1s scheduled to be
ogenerated for the first wheel or the second wheel within the
next predetermined period KT12. If no pressure increasing
output 1s scheduled to be generated, the pressure increasing
output 1s applied to the actuator of the first wheel at a time
112 which 1s a point of time that the predetermined period
KT1 has eclapsed. After that, pressure increasing output
generation timing for the first wheel 1s advanced to a time 13
as well. As a result, because pressure increasing output
generation timing for the second wheel comes at each of
times T22, T23, it 1s possible to avoid the case 1n which no
pressure increasing output 1s generated for any of the first
and second wheels before both the predetermined period
KT1 and the predetermined KT2 elapse.

As shown 1n FIG. 6(a), if the pressure increasing output
1s applied to the actuators of the first and second wheels 1n
accordance with normal pressure increasing output genera-
fion timing, no pressure 1ncreasing output 1s generated even
after the predetermined period KT1 and the predetermined
pertod K12 elapse after the pressure increasing output 1s
cgenerated for the second wheel. As a result, because the
driver cannot depress the brake pedal for a relatively long
time, the driver receives the fixed plate feeling from the
brake pedal.

However, 1n the present embodiment, before the driver
receives the fixed plate feeling from the brake pedal, pres-
sure 1ncreasing output generation timing for the first wheel
in which the longest time has elapsed from the previous
pressure increasing output 1s shifted to advance. Therefore,
it 1s possible to prevent the driver from receiving the fixed
plate feeling from the brake pedal.

Also, when pressure increasing output generation timing
1s shifted as mentioned above, the pressure increasing out-
puts being generated are dispersed. The operation amount of
the brake pedal that the driver can depress at one time
becomes small. For this reason, in the pump-less system, a
stroke of the brake pedal 27 gradually changes, thereby
making the operational feeling thereof smooth.

In the present embodiment, the wheel 1n which the longest
time has elapsed from the previous pressure increasing
output 1s selected as the wheel for which pressure increasing
output generation timing 1s shifted. However, a wheel hav-
ing the lowest slip ratio can be selected. As a result, 1t 1s
possible to prevent the slip ratio of the wheel from being
excessively large due to the generated pressure increasing
output.

Also, a wheel 1n which the sum of pressure increasing
output generation time periods 1s the smallest after a previ-
ous pressure decreasing output was generated may be
selected. That 1s, 1t 1s conceivable that the wheel 1n which the
sum of pressure increasing output generation time periods 1S
the smallest has a lower W/C pressure than the other wheels.
Therefore, even when the pressure increasing output 1s
applied to the actuator of the selected wheel, 1t 1s possible to
prevent the slip ratio of the wheel from being excessively
large due to the pressure increasing output.
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Further, when each of the W/C pressures can be directly
or indirectly detected, as the wheel for which the pressure
increasing output generation timing 1s shifted, the wheel
having the smallest W/C pressure may be selected. The W/C
pressure can be directly detected by a pressure sensor. Also,
the W/C pressure can be indirectly detected from a vehicle
body deceleration and time periods of pressure decreasing,
operations and pressure increasing operations. That 1s,
because an initial W/C pressure corresponds to the vehicle
body deceleration before the pressure decreasing operation
1s started, the mitial W/C pressure can be estimated based on
the vehicle body speed prior to the pressure decreasing
operation. The change of the W/C pressure caused by the
pressure decreasing operation and the pressure increasing,
operation can be calculated using a map showing a relation
between a pressure decreasing duration and a pressure
decreasing characteristic curve and a map showing a relation
between a pressure increasing duration and a pressure
increasing characteristic curve. Therefore, the W/C pressure
can be indirectly detected by the estimated initial W/C
pressure and the change of the W/C pressure cause by the
pressure decreasing operation and the pressure increasing,
operation.

In the present embodiment, when an affirmative determi-
nation 1s made at step 410, 1t 1s determined whether no
pressure 1ncreasing output i1s scheduled to be generated
within the predetermined period K12 at step 420. However,
step 420 can be omitted. In this case, when the affirmative
determination 1s made at step 410, the processing directly
advances to steps 430, 440, and the pressure increasing
output may be generated for the selected wheel at a time that
the predetermined period KT1 has elapsed from the latest
pressure 1ncreasing output. This processing i1s particularly
ciiective when the main object of control 1s to prevent the
driver from receiving the fixed plate feeling from the brake
pedal while the pressure decreasing mode or the pressure
maintaining mode 1s being set for all the four wheels. That
1s, for example, 1f the pressure increasing output generating
cycle 1s limited to the predetermined period KT1, it is
possible to prevent the driver from receiving the fixed plate
feeling from the brake pedal by only determination at step
410.

Although pressure increasing output generation timing 1s
shifted to generate the pressure 1ncreasing output within the
predetermined period KT2 1n the above-mentioned
embodiment, the pressure increasing output may be gener-
ated for at least one wheel, irrespective of the pressure
increasing output generation timing which has been set in
advance. Further, when the wheel 1n which the control mode
other than the stepwise pressure increasing mode 1s set to the
actuator thereof 1s selected at step 90, the pressure increasing
output 1s generated regardless of the control mode set at step
80.

(Second Embodiment)

Next, the second embodiment of the present invention 1s
described with reference to FIGS. 8 through 12.

Because the anti-skid control system of the second
embodiment has the same configuration with respect to the
hydraulic circuit as the first embodiment, 1ts description 1s
omitted. Also, the main routine of the second embodiment 1s
almost the same as the first embodiment. The second
embodiment 1s different from the first embodiment 1n that,
although 1n the first embodiment only the pressure increas-
ing valve (21-24) is opened when no pressure increasing
output 1s generated for a relatively long time, 1n the second
embodiment the pressure decreasing valve (31-34) is also
opened when a certain condition 1s fulfilled.
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Heremafter, only the different points from the first
embodiment are described.

In the second embodiment, at step 90 of the main routine,
an output mode set to each of the actuators for the wheels
14 1s examined. Specifically, when a pressure increasing
output 1s not fed to any one of the actuators for the wheels
14 for a predetermined time, that 1s, any of the pressure
increasing valve 21-24 1s not opened for the predetermined
time, an optimal wheel for which the pressure increasing
valve 1s opened 1s selected 1n accordance with predeter-
mined conditions. Further, 1t 1s determined based on the
control mode set for the selected wheel and the W/C
pressure thereof whether the pressure decreasing valve 1s to
be opened.

The detail processing of step 90 according to the second
embodiment 1s described with reference to FIG. 8.

First, at step 610, 1t 1s determined whether no pressure
increasing output 1s generated to open any of the pressure
increasing valves 21-24 for the four wheels 1-4 for at least
a predetermined period KT3 after the pressure increasing
output was fed to any of the pressure increasing valves
21-24 for the four wheels 1-4. If at least one pressure
increasing valve 1s not opened for a time period equal to or
orcater than the predetermined period KT3, because the
brake fluid within the master cylinder 16 does not move 1nto
the wheel cylinders during the time period, a driver cannot
depress the brake pedal and therefore may receive the fixed
plate feeling from the brake pedal. When an affirmative
determination 1s made at step 610, the processing advances
to step 620. When a negative determination 1s made, the
processing 1s terminated once.

The cases 1n which the affirmative determination 1s made
at step 610 are as follows:

1. The predetermined period KT3I has elapsed while
pressure decreasing mode or the pressure maintaining mode
1s being set for all the four wheels 1-4.

2. Although the pressure 1increasing mode 1s set for at least
one wheel, the predetermined period KT1 has elapsed after
the previous pressure increasing output was generated.

At step 620, 1t 1s determined whether no pressure increas-
ing valve 1s scheduled to be opened for any of the four
wheels 1-4 until a predetermined period KT4 will elapse
after the predetermined period K13 has elapsed. That 1s, the
sum of the predetermined period KT3 and the predetermined
pertod KT4 1s set so that the driver certainly receives the
fixed plate feeling from the brake pedal i1f no pressure
increasing valve 1s opened within the time of the sum.
Therefore, 1f any of the pressure increasing valves 21-24 1s
not opened by the pressure increasing output until the
predetermined period KT4 will elapse, an operational feel-
ing of the brake pedal becomes worse.

For this reason, when an affirmative determination 1s
made at step 620, the processing advances to step 630. At
step 630, a wheel for which a pressure increasing valve (and
occasionally a pressure decreasing valve also) 1s opened is
selected. This wheel selection 1s made based on which of the
reservoirs 37, 39 has an enough room to accumulate the
brake tluid. Specifically, at least one wheel having a wheel
cylinder connected to the reservoir having the enough room
to accumulate the brake fluid is selected.

When a negative determination 1s made at step 620,
because 1t 1s conceivable that an operational feeling of the
brake pedal does not become worse very much, the process-
ing ends.

When one wheel 1s selected at step 630, the processing
advances to step 640. At step 640, a valve opening request
is set for the actuator (pressure increasing valve and pressure
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decreasing valve) for the selected wheel in consideration of
a control mode set to the actuator at step 80 and the W/C
pressure of the selected wheel. That 1s, 1n the valve opening,
request, two kinds of requests are switched 1n accordance
with the control mode and the W/C pressure. One of the
requests 1s a pressure increasing valve opening request, and
the other of the requests mncludes a pressure decreasing valve
opening request 1n addition to the pressure increasing valve
opening request.

When the control mode set for the selected wheel 1s the
stepwise pressure increasing mode, or when the control
mode set for the selected wheel 1s the pressure maintaining
mode and the W/C pressure of the selected wheel 1s more
than an atmospheric pressure, only the pressure increasing
valve opening request 1s set. In these cases, because the W/C
pressure of the selected wheel needs to be maintained, the
pressure decreasing valve (31-34) is not opened to prevent
the W/C pressure from being decreased.

When the control mode set for the selected wheel 1s the
pressure maintaining mode and the W/C pressure thereof 1s
substantially the atmospheric pressure, or when the control
mode 1s the pressure decreasing mode, the pressure decreas-
ing valve opening request as well as the pressure increasing
valve opening request are set. This 1s because, 1n these cases,
the W/C pressure does not have to be maintained.

Whether the W/C pressure 1s substantially the atmo-
spheric pressure can be determined directly by using a
pressure sensor or indirectly based on the vehicle body
deceleration and time periods of a pressure decreasing
operation and a pressure increasing operation. Because an
initial W/C pressure corresponds to the vehicle body decel-
cration before the pressure decreasing operation 1s started,
the 1mitial W/C pressure can be estimated based on the
vehicle body speed prior to the pressure decreasing opera-
tion. The change of the W/C pressure caused by the pressure
decreasing operation and the pressure increasing operation
can be calculated using a map showing a relation between a
pressure decreasing duration and a pressure decreasing,
characteristic curve and a map showing a relation between
a pressure 1ncreasing duration and a pressure Increasing
characteristic curve. Therefore, the W/C pressure can be
indirectly detected by the estimated mitial W/C pressure and
the change of the W/C pressure cause by the pressure
decreasing operation and the pressure increasing operation.

Next, the detail processing of step 100 according to the
second embodiment 1s described with reference to the flow
diagrams i FIGS. 9, 10, 11. In this processing, a pressure
Increasing output, a pressure maintaining output, or a pres-
sure decreasing output 1s set 1n accordance with a control
mode established to each of the wheels 1-4 at step 80 while
the valve opening request set at step 90 1s given priority over
the control mode set at step 80. Control signals correspond-
ing to each output are applied to solenoids of the pressure
increasing valve (21-24) and the pressure decreasing valve
(31-34). This processing is carried out four times to set
output modes of the actuators for the four wheels 1-4.

When a control mode of a processing object wheel 1s a
pressure increasing mode, the processing advances to step
710. At step 710, a pressure 1ncreasing output 1s set for the
actuator of the processing object wheel.

When a control mode of a processing object wheel 1s a
stepwise pressure increasing mode, the processing advances
to step 720. At step 720, 1t 1s determined whether it 1s now
pressure increasing output generation timing. This determi-
nation 1s made based on the pressure increasing output
generating cycle and the number of the pressure increasing
outputs set at step 80. When an affirmative determination 1s
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made herein, the processing advances to step 710, a pressure
increasing output 1s set for the actuator of the processing
object wheel. When a negative determination 1s made at step
720, a pressure maintaining output is set for the actuator of
the processing object wheel at step 730.

When a control mode of a processing object wheel 1s a
pressure maintaining mode, the processing advances to step
730, and a pressure maintaining output 1s set for an actuator
of the processing object wheel.

When a control mode of a processing object wheel 1s a
pressure decreasing mode, the processing advances to step
760. At step 760, 1t 1s determined whether 1t 1s now pressure
decreasing output generation timing of the processing object
wheel. This determination 1s also made based on the switch-
ing cycle of the pressure decreasing output and the pressure
maintaining output determined at step 80. When an affir-
mative determination 1s made herein, the processing
advances to step 770, a pressure decreasing output 1s set for
the actuator of the processing object wheel. When a negative
determination 1s made at step 760, a pressure maintaining
output 1s set for the actuator of the processing object wheel
at step 730.

After the pressure maintaining output 1s set for the actua-
tor of the processing object wheel at step 730, the processing
advances to step 740. At step 740, a pressure decreasing,
valve opening request determination 1s carried out. The
detail processing of the pressure decreasing valve opening
request determination 1s shown 1n FIG. 10.

In this processing, when the pressure increasing valve
(21-24) assigned to the selected wheel is opened, it is
determined based on the valve opening request set at step
640 whether the pressure decreasing valve (31-34) assigned
thereto 1s also opened.

At step 810, 1t 1s determined whether the pressure decreas-
ing valve opening request has been set at step 640. When an
atfirmative determination 1s made herein, the processing
advances to step 820. When a negative determination 1s
made, the processing ends.

At step 820, it 1s determined whether it 1s now timing for
opening the pressure decreasing valve (31-34). That is, the
time period during which the pressure decreasing valve 1s
opened 1s determined 1n advance. For example, the pressure
decreasing valve 1s successively opened for a time period
TR1. Therefore, during the time period TR1, 1t 1s determined
that it 1s timing for opening the pressure decreasing valve,
and after the elapse of the time period TR1, it 1s determined
that 1t 1s not timing for opening the pressure decreasing
valve. As a result, after the predetermined period K13 has
clapsed 1n a state that all the pressure increasing valves
21-24 are closed, the pressure decreasing valve assigned for
the selected wheel 1s opened for the time period TR1. The
time period TR1 does not need to be constant, but may be
changed 1n accordance with the W/C pressure.

When an affirmative determination 1s made at step 820, a
pressure decreasing valve opening output 1s set at step 830.
When a negative determination 1s made at step 820, the
processing ends without carrying out step 830. If the pres-
sure decreasing valve opening output 1s set 1n this way, the
pressure decreasing valve opening output 1s given priority
over the pressure maintaining output previously set at step
730, and the pressure decreasing valve 1s forcibly opened.

After the processing of the pressure decreasing valve
opening request determination 1s finished, the processing of
a pressure increasing valve opening request determination 1s
carried out at step 750. The detail processing of the pressure
increasing valve opening request determination 1s shown in

FIG. 11.
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In this processing, 1t 1s determined based on the valve
opening request set at step 640 whether the pressure increas-
ing valve (21-24) assigned to the selected wheel 1s opened.

At step 910, 1t 1s determined whether the pressure 1ncreas-
ing valve opening request has been set at step 640. When an
affirmative determination 1s made herein, the processing
advances to step 920. When a negative determination 1s
made, the processing ends.

At step 920, 1t 1s determined whether 1t 1s now timing for
opening the pressure increasing valve (21-24). That is, the
fime period during which the pressure increasing valve 1s
opened 1s determined 1n advance. For example, the pressure
increasing valve 1s successively opened for a time period
TH1. Therefore, during the time period TH1, 1t 1s determined
that 1t 1s timing for opening the pressure increasing valve,
and after the elapse of the time period THI, 1t 1s determined
that 1t 1s not timing for opening the pressure increasing
valve. As a result, after the predetermined period K13 has
clapsed 1n a state that all the pressure increasing valves
21-24 are closed, the pressure 1ncreasing valve assigned for
the selected wheel 1s opened for the time period THI1. The
time period TH1 does not need to be constant, but may be
changed 1n accordance with the W/C pressure.

When an affirmative determination 1s made at step 920, a
pressure 1ncreasing valve opening output 1s set at step 930.
When a negative determination 1s made at step 920, the
processing ends without carrying out step 930. If the pres-
sure 1ncreasing valve opening output 1s set 1n this way, the
pressure increasing valve opening output 1s given priority
over the pressure maintaining output previously set at step
730, and the pressure increasing valve (21-24) assigned for
the selected wheel 1s forcibly opened.

Here, when the pressure decreasing output 1s set at step
770, the pressure decreasing valve opening request deter-
mination 1s not carried out at step 740. This 1s because the
pressure decreasing valve 1s opened 1n accordance with the
pressure decreasing output at step 770.

After the output mode 1s set 1n this way, the processing
advances to step 780. At step 78C, it 1s determined whether
the output mode has been set for each actuator of the four
wheels 1-4. When an affirmative determination 1s made
herein, the processing advances to step 790. At step 790,
control signals in accordance with the output modes set for
the respective wheels are applied to solenoids of the pressure
increasing valves 21-24 and the pressure decreasing valves
31-34, whereby the pressure increasing valves 21-24 and
the pressure decreasing valves 31-34 are moved to positions
corresponding to the output modes, respectively. When a
negative determination 1s made at step 780, another wheel 1s
set as a processing object wheel at step 795.

Next, the functions of the anti-skid control system accord-
ing to the second embodiment 1s described with reference to
FIG. 12. It 1s to be noted that, in FIG. 12, only the wave
forms relating to the selected wheel are shown for brevity’s
sake. FIG. 12(a) shows the vehicle body speed and the wheel
speed, FIG. 12(b) shows opening and closing timing of the
pressure increasing valve assigned for the selected wheel,
FIG. 12(c) shows opening and closing timing of the pressure
decreasing valve assigned for the selected wheel, FIG. 12(d)
shows the W/C pressure of the selected wheel, FIG. 12(e)
shows an operation amount of a brake pedal 1n a so-called
pump-less system 1n which the brake fluid discharged 1n a
reservolr 1s returned toward a master cylinder without using
a pump, and FIG. 12(f) shows an operation amount of a
brake pedal in a system provided with a pump 1n which the
brake fluid discharged 1in a Reservoir 1s returned to a master
cylinder using a pump.
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As shown in FIG. 12(a), when the wheel speed lowers
relative to the vehicle body speed, the pressure decreasing
mode 15 set as the control mode, and the pressure decreasing
operation 1s started. After that, when the lowering of the
wheel speed stops and the tendency for the wheel to be
locked becomes small, the pressure maintaining mode 1s set
as the control mode. While the pressure decreasing mode
and the pressure maintaining mode are set as the control
mode, as shown in FIG. 12(b), the pressure increasing valve
(21-24) continues to be closed.

However, if the state that all the pressure increasing
valves 21-24 are closed lasts for the predetermined period
KT3 as described above, and further if none of the pressure
increasing valves 21-24 1s scheduled to be opened within
the next predetermined period K14, at a time when the
predetermined period K'T3 has elapsed, at least one wheel 1s
selected and the pressure increasing valve assigned for the
selected wheel 1s opened. As a result, because any of the
pressure 1ncreasing valves 21-24 1s opened before both the
predetermined period KT3 and the predetermined period
KT4 elapse, the driver can depress the brake pedal prior to
receiving the fixed plate feeling from the brake pedal 27.

In an example shown 1n FIG. 12, the pressure decreasing,
valve assigned for the selected wheel is also opened (FIG.
12(c)) along with the pressure increasing valve. That is, as
shown in FIG. 12(d), because the W/C pressure is substan-
tially the atmospheric pressure due to the pressure decreas-
ing operation carried out earlier, the W/C pressure does not
have to be mamtained. Therefore, the pressure decreasing
valve as well as the pressure increasing valve are opened. As
a result, 1t 1s possible to prevent the W/C pressure from being
increased.

In the second embodiment, at least one wheel having a
wheel cylinder connected to the reservoir having an enough
room to accumulate the brake fluid 1s selected at step 630.
In this wheel selection, the reservoir having a smaller
amount of the brake fluid accumulated therein 1s determined
to have the enough room to accumulate the brake fluid. The
brake fluid amount accumulated 1n the reservoir can be
directly detected by a stroke of a piston disposed therein and
can be indirectly detected by the sum of the pressure
decreasing output generation periods.

In the wheel selection at step 630, a wheel for which the
pressure decreasing mode 1s being set may be selected.

When the pressure decreasing mode 1s set, the wheel 1s 1n
a state that the pressure decreasing valve assigned for the
wheel can be opened. In this case, when both the pressure
increasing valve and the pressure decreasing valve are
opened, 1t 1s possible to prevent the driver from receiving the
fixed plate feeling from the brake pedal 27 without increas-
ing the W/C pressure.

However, it 1s to be noted that, when the wheel for which
the pressure decreasing mode 1s being set 1s selected as the
wheel of which the pressure Increasing valve and the
pressure decreasing valve are opened, it 1s preferable that
both the pressure increasing valve and pressure decreasing
valve 1s opened when the pressure maintaining output 1s
cgenerated 1n the pressure decreasing mode. This 1s because
there arises a possibility that a desired pressure decreasing
operation cannot be carried out if the pressure increasing
valve 1s opened during generation of the pressure decreasing
output.

Further, 1n the wheel selection at step 630, a wheel 1n
which the longest time has elapsed from the previous
pressure 1ncreasing output 1s selected. Also, a wheel having
the lowest slip ratio can be selected. As a result, 1t 15 possible
to prevent the slip ratio of the wheel from being excessively
large.
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It 1s to be noted that, when the wheel for which the
pressure decreasing mode 1s being set 1s selected or when the
wheel having the lowest slip ratio 1s selected, the control
method as described above 1s effective 1n not only the
pump-less system shown i1n FIG. 1 but also the system
provided with a pump.

What 1s claimed 1is:

1. An anti-skid control system comprising:

a plurality of wheel cylinders for respectively generating
wheel braking force at a plurality of wheels during
vehicle braking;

a master cylinder for supplying brake fluid to said wheel
cylinders;

slipping state detecting means for detecting a slipping
state of each of said wheels; and

anti-skid control performing means for performing anti-
skid control by adjusting brake fluid pressure acting on
cach of said wheel cylinders based on said slipping
state detected by said slipping state detecting means,

wherein said anti-skid control performing means com-

PIriSEs:

valves disposed between said master cylinder and said
wheel cylinders, said valves being actuated to adjust
brake fluid pressure acting on each of said wheel
cylinders; and

determining means for determining whether a pressure
increasing output signal for causing said valves to
increase brake fluid pressure to said wheel cylinders
1s generated for any of said valves during at least a
first predetermined time period,

wherein, when said determining means determines that
no pressure increasing output signal 1s generated for
any of said valves for at least said first predetermined
time period, said anti-skid control performing means
controls said valves so that said brake fluid flows
from said master cylinder into at least one wheel
cylinder via said valves.

2. An anti-skid control system according to claim 1,
wherein said determining means further determines, when
said first predetermined time period has elapsed, whether a
pressure 1ncreasing output signal 1s scheduled to be gener-
ated for any of said valves before a second predetermined
time period will elapse, and, when said determining means
determines that no pressure increasing output signal 1s
scheduled to be generated within said second predetermined
fime period, said anti-skid control performing means con-
trols said valves within said second predetermined time
period.

3. An anti-skid control system according to claim 2,
wherein said anti-skid control performing means 1mple-
ments stepwise pressure increasing mode, in which said
pressure 1increasing output signal 1s generated during each of
a third predetermined period and a pressure maintaining
output signal 1s generated between two pressure increasing
output signals to gradually increase brake fluid pressure of
saild wheel cylinders, and said determining means deter-
mines whether the pressure increasing output signal 1s not
scheduled to be generated for any of said valves before the
second predetermined time period will elapse based on said
third predetermined period.

4. An anfi-skid control system according to claim 3,
wherein said third predetermined period 1s determined based
on an amount of pressure reduction in a wheel cylinder
during a previously carried out decreasing mode.

5. An anfti-skid control system according to claim 3,
wherein a number of said pressure increasing output signals
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are determined at a time of starting said stepwise pressure
Increasing mode.

6. An anti-skid control system according to claim 1,
wherein said anti-skid control performing means controls
said valves so that said brake fluid flows from said master
cylinder into at least one wheel cylinder by advancing, in
time, the generation of the timing of said pressure increasing
output signal which has been set by said anti-skid control
performing means to adjust brake fluid pressure of at least
onc wheel cylinder of said wheel cylinders.

7. An anti-skid control system according to claim 1,
wherein said anti-skid control performing device controls
said valves so that said brake fluid flows from said master
cylinder into at least one wheel cylinder irrespective of a
pressure 1ncreasing mode set by said anti-skid control per-
forming means to adjust brake fluid pressure of said wheel
cylinders.

8. An anti-skid control system according to claim 1,
wherein said anti-skid control performing means selects,
among said wheels, a wheel 1n which the longest time has
clapsed from a previous pressure increasing output signal
and controls said valves so that brake fluid flows from said
master cylinder into a wheel cylinder of the selected wheel.

9. An anti-skid control system according to claim 1,
wherein said anti-skid control performing means selects a
wheel which has the lowest slip ratio and controls said
valves so that brake fluid flows from said master cylinder
into a wheel cylinder of the selected wheel.

10. An anti-skid control system according to claim 1,
wherein said anfti-skid control performing means selects a
wheel 1n which a pressure increasing output generation time
period 1s the shortest after a pressure decreasing output 1s
generated, and controls said valves so that brake fluid flows
from said master cylinder into a wheel cylinder of a selected
wheel.

11. An anfi-skid control system according to claim 1,
wherein said anfti-skid control performing means selects a
wheel having the smallest wheel cylinder pressure, and
controls said valves so that brake fluid flows from said
master cylinder into a wheel cylinder of a selected wheel.

12. The anti-skid control system of claim 1, wherein the
anti-skid control performing means controls the valves to
increase the brake fluid pressure acting on each of said wheel
cylinders when a pressure maintaining output signal 1s
generated during said first predetermined time period.

13. An anfti-skid control system comprising:

a first wheel cylinder for generating wheel braking force
at a first wheel during vehicle braking;

a second wheel cylinder for generating wheel braking
force at a second wheel during vehicle braking;

a third wheel cylinder for generating wheel braking force
at a third wheel during vehicle braking;

a fourth wheel cylinder for generating wheel braking
force at a fourth wheel during vehicle braking;

a master cylinder for supplying brake fluid to said first to
fourth wheel cylinders;

a first conduit connecting said master cylinder with said
first and second wheel cylinders;

a second conduit connecting said master cylinder with
said third and fourth wheel cylinders;

slipping state detecting means for detecting a slipping
state of each of said first to fourth wheels;

anti-skid control means for performing anti-skid control
by adjusting brake fluid pressure acting on each of said
first to fourth wheel cylinders based on said slipping
state detected by said slipping state detecting means;
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a reservolr for accumulating brake fluid discharged from
said first to fourth wheel cylinders;

pressure decreasing valves actuated by said anti-skid
control means for controlling brake fluid discharge
from each of said first to fourth wheel cylinders to said
reservolr;

pressure 1ncreasing valves actuated by said anti-skid
control means for controlling brake fluid flow from said
master cylinder to each of said first to fourth wheel
cylinders; and

determining means for determining whether a pressure
increasing output signal for causing said pressure
increasing valves to increase break fluid pressure to
saidd wheel cylinders 1s generated for any of said
pressure 1ncreasing valves for at least a predetermined
fime period,

wherein, when said determining means determines that

the pressure increasing output signal 1s not generated
for any of said pressure increasing valves for at least
said predetermined time period, said anti-skid control
means forcibly opens at least one of said pressure
increasing valves so that said brake fluid flows from
said master cylinder 1nto at least one wheel cylinder via
said valves.

14. The anti-skid control system of claim 13, wherein the
anti-skid control performing means controls the valves to
increase the brake fluid pressure acting on each of said wheel
cylinders when a pressure maintaining output signal 1is
generated during said first predetermined time period.

15. An anti-skid control system comprising:

a plurality of wheel cylinders for respectively generating
wheel braking force at a plurality of wheels during
vehicle braking;

a master cylinder for supplying brake fluid to said wheel
cylinders;

slipping state detecting means for detecting a slipping
state of each of said wheels; and

anti-skid control performing means for performing anti-
skid control by adjusting brake fluid pressure acting on
cach of said wheel cylinders based on said slipping
state detected by said slipping state detecting means,

wherein said anti-skid control performing means com-

PIriSEs:

pressure 1ncreasing valves respectively disposed
between said master cylinder and said wheel cylin-
ders to control brake fluid flow therebetween; and

first determining means for determining whether said
brake fluid flow between said master cylinder and
said wheel cylinders 1s prohibited by each of said
pressure increasing valves for at least a first prede-
termined time,

wherein, when said first determining means determines
that said brake fluid flow between said master cyl-
inder and said wheel cylinders 1s prohibited by each
of said pressure increasing valves for at least the first
predetermined time, said anti-skid control perform-
ing means selects at least one wheel from said
plurality of wheels and actuates a pressure 1ncreasing
valve corresponding to a wheel cylinder of a selected
wheel 1nto an opening state.

16. An anfi-skid control system according to claim 15
further comprising:

second determining means for determining whether any
of said pressure increasing valves 1s scheduled to be
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opened before a second predetermined time period will
clapse after said first predetermined time period has

clapsed,

wherein, when said determining means determines that
none of said pressure increasing valves 1s scheduled to
be opened within said second predetermined time
per1od, said anti-skid control performing means selects
at least one wheel from said wheels and actuates a
pressure 1ncreasing valve corresponding to a wheel
cylinder of a selected wheel 1nto an opening state.
17. An anti-skid control system according to claim 15,
wherein said anfti-skid control performing means changes a
time period during which the pressure increasing valve 1s
actuated into the opening state 1n accordance with a brake
fluid pressure of the wheel cylinder of the selected wheel.
18. An anfti-skid control system according to claim 135,
further comprising:

a reservolr for accumulating brake fluid discharges from
said wheel cylinders; and

pressure decreasing valves respectively disposed between
said wheel cylinders and said reservoir to control brake
fluid discharge from said wheel cylinders to said
reservolr,

wherein, when said first determining means determines
that said brake fluid flow between said master cylinder
and said wheel cylinders 1s prohibited by each of said
pressure 1ncreasing valves for at least the first prede-
termined time, said anti-skid control performing means
actuates a pressure decreasing valve corresponding to
the wheel cylinder of the selected wheel 1nto an open-
ing state.

19. An anfti-skid control system according to claim 18,
wherein said anti-skid control performing means stops to
actuate said pressure decreasing valve mnto the opening state
when a brake fluid pressure of the wheel cylinder of the
selected wheel 1s being maintained.

20. An anti-skid control system according to claim 18,
wherein said anti-skid control performing means stops to
actuate said pressure decreasing valve 1nto the opening state
when a brake fluid pressure of the wheel cylinder of the
selected wheel 1s being increased.

21. The anti-skad control system of claim 18, wherein said
anti-skid control performing means actuates said pressure
decreasing valve 1nto said opening state when a pressure
maintaining output signal 1s generated during said {first
predetermined time period.

22. An anti-skid control system according to claim 185,
wherein said anfti-skid control performing means selects a
wheel 1n which the longest time has elapsed after a pressure
increasing valve previously opened.

23. An anti-skid control system according to claim 135,
wherein said anti-skid control performing means selects a
wheel with the lowest slip ratio.

24. An anfti-skid control system according to claim 135,
wherein said anti-skid control performing means selects a
wheel 1n which a pressure increasing valve opening time
period 1s the shortest.

25. The anti-skid control system of claim 15, wherein the
anti-skid control performing means actuates said pressure
increasing valve when a pressure maintaining output signal
1s generated 1s generated during said first predetermined
fime period.
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